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(54) Novel electrically conductive polymer, sensor using the same, and method for detecting 
target molecule using the sensor 

(57) . A novel electrically conductive polymer, a sensor using the electrically conductive polymer, and a method for 
detecting a target molecule that hybridizes to a probe, using the sensor, are provided. The electrically conductive 
polymer has the following formula: 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to a novel electrically conductive polymer, a sensor having an electrode coated 
with the electrically conductive polymer, and a method for detecting a target molecule using the sensor. 

10 2. Description of the Related Art 

[0002] There have been many studies on the development of biomolecule detecting sensors based on the electro- 
chemical principles. One advantage of using the electrochemical principles lies in that sensors can be miniaturized. 
Accordingly, there have been great advances in research on electrochemical sensors, such as ionic sensors, gas 

15 sensors biosensors, etc. In the fields of genomics and proteomics, it is very important to monitor information on the 
hybridization of DNA, among other biological molecules, and to monitor conformational changes of proteins. To this 
end ; there have been developed sensors using organic materials, such as intercalators having electrochemical activ- 
ities, and using electrically conductive polymers. In particular, intercalator-based sensors are ready to be released on 
the market as a result of extensive research thereon. 

20 [0003] In conductive polymer sensors, only a few representative monomers capable of being polymerized on elec- 
trodes are available, and it is difficult to control the physical properties of polymers. As a result, research thereon has 
been relatively slow. Representative materials for conductive polymer sensors include pyrroles, thiophenes, anilines, 
and the like. However, because of a limitation that anilines are effective only in acidic conditions, pyrroles and thi- 
ophenes have boon the main focus of research. 

25 [0004] However, pyrroles cannot be used for a long duration due to their small redox potential (U.S. Patent No. 
6,201 ,086). Thiophenes have a higher redox potential but are more hydrophobic than pyrroles, so they are unsuitable 
for biomolecule dispersion systems in water (Bauerle P. and Emge A., Adv. Materi., 3:324 (1998)). 

SUMMARY OF THE INVENTION 

30 

[0005] The present invention provides a novel electrically conductive polymer. 

[0006] The present invention also provides novel monomer compounds capable of being polymerized into the elec- 
trically conductive polymer. 

[0007] The present invention also provides an electrode coated with the electrically conductive polymer. 
35 [0008] The present invention also provides a sensor having an electrode coated with the electrically conductive 
polymer. 

[0009] The present invention also provides a method for detecting a target molecule using the sensor. 

[0010] According to an aspect of the present invention, there is provided an electrically conductive polymer having 

formula (I) below: 



45 



50 




where m is 1 , 2, or 3; R is a hydroxysuccinimidyl group, a hydroxyphthalimidyl group, or a pentafluorophenolyl group; 
and n is zero or an integer. 

55 [001 1 ] An electrically conductive polymer according to the present invention may have formula (II) below: 
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where m is 1, 2, or 3; R' is a hydroxysuccinimidyl group, a hydroxyphthalimidyl group, a pentafluorophenolyl group, or 
a probe group, wherein at least one R' is a probe group; and n is zero or an integer. 

[0012] According to another aspect of the present invention, there is provided a monomer used for the synthesis of 
any electrically conductive polymer according to the present invention described above, being N-hydroxyphthalimidyl 
3-thlophenlyl acetate or 3-pentafluorophenolyl 3-thlophenylyl acetate. 

[0013] According to another aspect of the present invention, there is provided a method for detecting a target mol- 
ecule, comprising: (a) providing the electrically conductive polymer having formula (I) above on a substrate through 
electrical polymerization; (b) immobilizing a probe to the surface of the electrically conductive polymer; (c) contacting 
a sample containing a target molecule, which is capable of specifically reacting with the probe, to hybridize with the 
probe; and (d) detecting the target molecule by measuring a voltage or current variation in the electrically conductive 
polymer. 

[0014] Another method for detecting a target molecule according to the present invention comprises: (a) provding 
the electrically conductive polymer of formula (II) above on a substrate through electrical polymerization; (b) contacting 
a sample containing a target molecule, which is capable of specifically reacting with the probe, to hybridize with the 
probe bonded to the electrically conductive polymer; and (c) detecting the target molecule by measuring a voltage or 
current variation in the electrically conductive polymer 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above and other features and advantages of the present invention will become more apparent by de- 
scribing in detail exemplary embodiments thereof with reference to the attached drawings in which: 

FIG. 1 illustrates an embodiment of a sensor employing an electrode coated with an electrically conductive polymer 
according to the present invention; 

FIG. 2 shows another embodiment of a sensor using an electrically conductive polymer according to the present 
invention; 

FIG. 3 is a graph illustrating an example of polymerization using chronopotentiometry for an electrically conductive 
polymer according to the present invention; 

FIG. 4 is a scanning electron microscopic photograph of an electrically conductive polymer layer according to the 
present invention polymerized by chronopotentiometry; 

FIG. 5 is a cyclic voltammogram of an electrically conductive polymer layer according to the present invention 
polymerized by chronopotentiometry; 

FIG. 6A is a cyclic voltammogram at three different scanning rates for an electrically conductive polymer layer 
according to the present Invention polymerized by chronopotentiometry, and FIG. 6B is a graph of correlation 
between scanning rate versus and peak current, which was obtained based on the cyclic voltammogram of FIG. 6A; 
FIG. 7 illustrates the hybridization of an immobilized probe DNA and a complementary target DNA; 
FIG. 8 is a cyclic voltammogram for two spots on an electrode coated with an electrically conductive polymer 
according to the present invention, one spot for a probe DNA immobilized on the electrode and the other spot for 
a target DNA hybridized to the probe DNA; 

FIG. 9 is a graph of correlation between target DNA concentration and peak current, which is measured from a 
cyclic voltamogram of target DNA hybridized at different concentrations to probe DNA immobilized on an electrode 
coated with an electrically conductive polymer according to the present invention; and 

FIG. 10 is a graph showing the difference in peak current between a perfect match target DNA and single base 
mismatch target DNAs after hybridization to a probe DNA. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0016] An electrically conductive polymer according to the present invention has formula (I) below: 



10 




where m is 1 , 2, or 3; R is a hydroxysuccinimidyi, hydroxyphthalimidyl, or pentafluorophenolyl group; and n is zero or 
an integer. 

[0017] Another electrically conductive polymer according to the present invention has formula (II) below: 



25 



30 




where m is 1 , 2, or 3; R 1 is a hydroxysuccinimidyi group, a hydroxyphthalimidyl group, a pentafluorophenolyl group, or 
a probe group, wherein at least one R' is a probe group; and n is zero or an integer. 
35 [0018] The term "probe" used throughout the specification means a molecule capable of specifically binding to a 
target material. Examples of such a probe includes a nucleic acid and a protein, in which a deoxyribonucleic acid 
(DNA), a ribonucleic acid (RNA), a peptide nucleic acid (PNA), an antibody, an antigen, an enzyme, a cofactor, and a 
substrate are preferred as the probe. 

[0019] Electrically conductive polymers according to the present invention may be synthesized from monomers 
40 through polymerization by cyclic votammetry, chronopotentiometry, chronoamperometry, and the lime. The electrically 
conductive polymers according to the present invention have a high redox potential. 

[0020] The present invention provides monomers capable of forming, through polymerization, an electrically con- 
ductive polymer according to the present invention. Preferred examples of such monomers include N-hydroxyphthalim- 
idyl 3-thiophenlyl acetate having formula (III) below and pentafluorophenolyl 3-thiophenyl acetate having formula (IV) 
45 below. 
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[0021] The present invention provides an electrode coated with an electrically conductive polymer according to the 
present invention. Any material commonly used in forming electrodes, for example, platinum, may be used for the 
electrode according to the present invention. 

[0022J The present invention provides a sensor employing an electrode coated with an electrically conductive poly- 
mer according to the present invention. The sensor according to the present invention includes common sensor con- 
stituent elements except for an electrode coated with an electrically conductive polymer according to the present in- 
vention. The sensor according to the present invention may include a working electrode, a counter electrode, and a 
reference electrode, which are commonly used. 

[0023] FIG. 1 illustrates an embodiment of a sensor employing an electrode coated with an electrically conductive 
polymer according to the present invention. Referring to FIG. 1 , a sensor according to the present invention includes 
a working electrode 4 coated with an electrically conductive polymer 6 according to the present invention that is cov- 
alently bonded with a probe 8, a counter electrode 12, and a reference electrode 14, and a potentiostat 2 for measuring 
potential. 

[0024] The working electrode 4 coated with the electrically conductive polymer 6 according to the present invention 
may be manufactured as follows. Initially, a monomer, a kind of thiophene compound having an amine group capable 
of binding to a probe, is synthesized. Thiophene monomers capable of being electrically polymerized are preferred. 
The synthesized monomer is subject to polymerization over a substrate and bound with a probe, for example, DNA, 
thereby resulting in an electrode according to the present invention that is coated with an electrically conductive polymer 
according to the present invention covalently bonded with a probe. Alternatively, after co vale ntly bonding the probe 8 
to a thiophene monomer, the thiophene monomer with the probe 8 may be subject to polymerization over a substrate, 
thereby resulting in an electrode according to the present invention that is coated with an electrically conductive polymer 
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according to the present invention covalently bonded with a probe. The electrode manufactured through the above 
processes is used as the working electrode 4. 

[0025] A target molecule 1 0 of interest in samples can be detected using the above sensor according to the present 
invention. When a sample containing the target molecule 1 0 is brought to contact the probe 8 that is immobilized on 

5 the working electrode 4 of the sensor, the target molecule 1 0 hybridizes to the probe 8, as illustrated in FIG. 1 , a voltage 
or current variation from the hybridization reaction is read, so that the target molecule 10 in the sample can be identified. 
[0026] Voltage or current variations occurring from hybridization are thought to follow, though not absolutely, the 
mechanism described below. The electrical current at a particular redox potential depends on the delocalization in the 
electrically conductive polymer on the substrate. The degree of delocalization in the electrically conductive polymer 

10 after a target molecule hybridizes to the probe that is covalently bonded to the electrically conductive polymer according 
to the present invention Is smaller than before the hybridization. Accordingly, when a target metal hybridizes to a probe, 
the electrical current decreases. In other words, when a double stranded DNA is formed as a result of the hybridization 
of a DNA probe and a target DNA, the electrical current becomes small. Therefore, a target molecule in a sample can 
be detected by measuring a decrease in the amount of redox potential that occurs when the target molecule hybridizes 

15 to a probe or an increase when not. 

[0027] FIG. 2 shows another embodiment of a sensor using an electrically conductive polymer according to the 
present invention. The sensor of FIG. 2 Includes a working electrode 4, a counter electrode 12, and a reference elec- 
trode 14. The working electrode 4 is coated with an electrically conductive polymer according to the present invention. 
[0028] The present invention provides a method for detecting a target molecule, the method including: 

20 

(a) providing an electrically conductive polymer, a kind of polythiophene, on a substrate through electrical polym- 
erization; 

(b) immobilizing a probe to the surface of the electrically conductive polymer; 

(c) contacting a sample containing a target molecule, which is capable of specifically reacting with the probe, to 
25 hybridize with the probe; and 

(d) detecting the target molecule by measuring a voltage or current variation in the electrically conductive polymer. 

[0029] The present invention provides another method for detecting a target molecule, the method including: 

30 (a) providing an electrically conductive polymer, a kind of polythiophene, bonded with a probe on a substrate 

through electrical polymerization; 

(b) contacting a sample containing a target molecule, which is capable of specifically reacting with the probe, to 
hybridize with the probe bonded to the electrically conductive polymer; and 

(c) detecting the target molecule by measuring a voltage or current variation in the electrically conductive polymer. 

35 

[0030] It is preferable that the conductive substrate be a gold or platinum electrode. Examples of such a probe 
include, preferably, a DNA, an RNA, a PNA, an antibody, an antigen, an enzyme, a substrate, and a cofactor. Such a 
target molecule may include any material capable of specifically binding to the probe, preferably, a nucleic acid or a 
protein. 

40 [0031] Hereinafter, the present invention will be described in greater detail with reference to the following examples. 
The following examples are for illustrative purposes and are not intended to limit the scope of the invention. 

Example 1: Synthesis of N-hydroxyphthalimidyl 3-thiophenlyl acetate 

45 [0032] N-hydroxyphthalimldyl 3-thlophenlyl acetate as a monomer to be used in the synthesis of an electrically con- 
ductive polymer according to the present Invention was synthesized as follows. One equivalent of 3-thlophenyl acetic 
acid and 1 equivalent of 3-hydroxyl phthalimide were reacted in chloroform at room temperature in the presence of N, 
N'-dicyclohexyi carbodiimide (DCC), as shown in a reaction scheme below. The reaction product was purified through 
recrystallization. The resulting purified compound was confirmed to be N-hydroxyphthalimidyl 3-thiophenlyl acetate 

so having formula (111) above by NMR. 

1 H NMR(CDCI 3 ) : 7.87(m, C 6 H 4 , 4H), 7.31 (m, C 4 H 3 SCH 2 , 1 H), 7.24(s, C 4 H 3 SCH 2 , 1 H), 7.11 (m, C 4 H 3 SCH 2 , 1 H), 
4.01 (s, C 4 H 3 SCH 2 , 2H). 
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Example 2: Synthesis of 3-pentaf!uorophenolyl 3-thiophenylyi acetate 

20 

[0033] 3-pentafluorophenolyl 3-thiophenylyl acetate as a monomer to be used in the synthesis of an electrically 
conductive polymer according to the present invention was synthesized as follows. One equivalent of 3-thiophenyl 
acetic acid and 1 equivalent of pentafluorophenol were reacted in chloroform at room temperature in the presence of 
DCC, The reaction product was purif iedthrough column chromatography on silica gels. The resulting purified compound 
25 was confirmed to be 3-pentafluorophenolyl 3-thiophenylyl acetate having formula (IV) above by NMR. 
1H NMR(CDCI 3 ) : 7.82 (2H), 7.72 (2H), 7.28 (1H), 7.26 (1H), 7.07 (1H), 4.0 (2H) 

Example 3: Polymerization over an electrode 

30 [0034] 0.1 M of the N-hydroxyphthalimidyl 3-thiophenlyl acetate having formula (III) above synthesized in Example 
1 was dissolved in a solution of 0.1 M of tetrabutylamine hexafluorophosphate (TBAHFP) as a dopant in acetonitrile, 
and polymerization of the monomer was induced over a platinum electrode using chronopotentrometry, as Illustrated 
in FIG. 3. In particular, a platinum electrode was placed on a 0.5-mm-thick glass substrate, and polymerization of the 
monomer was induced at a current of 0.4 mAfor40 seconds to uniformly form an electrically conductive polymer layer 

35 on the platinum electrode. 

[0035] This electrically conductive polymer layer of poly(N-hydroxyphthalimidyl 3-thiopheniyl acetate) was observed 
using a scanning electron microscope. The result is shown in FIG. 4. 

[0036] To measure the reproducibility of the electrically conductive polymer layer of poly(N-hydroxyphthalimidyl 3-thi- 
ophenlyl acetate), a cyclic voltammogram was measured five times at a constant scanning rate by applying voltages 
40 across the platinum electrode in acetonitrile/TBAHFP. The result is shown in FIG. 5. As shown in FIG. 5, the poly(N- 
hydroxyphthalimidyl 3-thiophenlyl acetate) layer according to the present invention has a nearly reversible oxidation 
peak at 1 .0V, confirming a high electroactivity of the polymer layer. Apparently, the polymerization reaction over the 
electrode is highly reproducible. 

[0037] To measure the electrical conductivity of the poly(N-hydroxyphthalimidyl 3-thiophenlyl acetate) layer, a cyclic 
45 voltammogram was measured at three different scanning rates by applying voltages across the platinum electrode. 
The result is shown in FIG. 6A. FIG. 6B is a graph of correlation between scanning rate versus and peak current, which 
was obtained based on the cyclic voltammogram of FIG. 6A. As shown in FIG. 6B, the peak current of the polymer 
layer according to the present invention has a positive linear correlation with the scanning rate, which is indicative of 
good electrical conductivity of the polymer layer. 

so 

Example 4: Immobilization of a DNA probe and confirmation of its hybridization with a target DNA 
1 . Immobilization of a DNA probe 

55 [0038] A DNA probe was immobilized on the electrically conductive polymer layer polymerized in Example 3. 100 
u-M of probe DNA 

(5' - NH 2 -GTTCTTCTCATC ATC-3' ; SEQUENCE NO.1) with an amine group at the 5'-terminal was applied to the elec- 
trically conductive layer and reacted for about 12 hours. Immobilization of the DNA probe is achieved by the substitution 
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of the S'-terminal amine group of the DNA probe for a hydroxyphtalimide group of the electrically conductive polymer 
Immobilization of a protein probe can be achieved by the substitution of the amine group of lysine residue for the 
hydroxyphtalimide group of the electrically conductive polymer, 

5 2. Hybridization with a target DNA 

[0039] 100 uM of complementary target DNA (5'-NH 2 -GATGATGAGAAGAAC-3'; SEQUENCE NO. 2) was applied 
to the single stranded DNA probe immobilized on the electrically conductive polymer according to the present invention 
and reacted for hybridization at 40°C for 3 hours. FIG. 7 illustrates the hybridization of a complementary target DNA 
w to an immobilized probe DNA. As a control group, the single stranded DNA probe was reacted without the comple- 
mentary target DNA under the same conditions. After the hybridization reaction', a peak current was measured using 
cyclic potentiometry to confirm hybridization. The result is shown in FIG. 8. 

[0040] FIG. 8 is a cyclic voltammogram for two spots on an electrode coated with the electrically conductive polymer 
according to the present invention, one spot for the non-hybridized probe DNA (single stranded; ss) and the other spot 
15 for the probe DNA hybridised with the target DNA (double stranded; ds), which was measured to check whether hy- 
bridization has taken place or not. As shown in FIG. 8, when DNA hybridization (ds DNA) occurs, a current level at the 
same voltage greatly decreases. This reduction in current level of the electrically conductive polymer is attributed to a 
large functional group grafted thereon as a result of the hybridization. 

[0041] To measure the sensitivity of an electrode coated with the electrically conductive polymer according to the 
20 present invention , after hybridization of the probe DNA with different concentrations of the complementary target DNA, 
a cylic voltammogram was measured. Based on this cyclic voltammogram, a correlation between target DNA concen- 
tration and peak current was calculated. The result is shown in FIG. 9. 

[0042] The sensitivity of the electrode coated with the electrically conductive polymer according to the present in- 
vention was calculated from the slope at x = 0 of the graph of FIG. 9. The calculated sensitivity of the electrode was 
25 0.62 u. A/nmole. This result indicates that a sensor employing the electrode coated with the electrically conductive 
polymer according to the present invention can detect a target DNA in a sample at a limit of about 1 nmole. 

Example 4: Hybridization of target DNA with a single base mismatch 

30 [0043] For comparison of the hybridization of a probe DNA with a perfect match target DNA and a single base mis- 
match target DNA, after the immobilization of DNA probe (S'-NHs-GTrCTTCTCATCATC-S 1 ; SEQUECE NO. 1) on 
electrodes coated with the electrically conductive polymer synthesized in Example 3, target DNAs of different sequenc- 
es were hybridized to the immobilized DNA of the electrodes. The target DNAs used were one perfect match ("PM") 
DNA, 5'-GATGATGAGAAGAAC-3\ (SEQUENCE NO. 2), which perfectly matches the DNA probe, and two single base 

35 mismatch DNAs, 5'-GATGATGGGAAGAAC-3' (SEQUENCE NO. 3, "TG") and 5'-GATGATGCGAAGAAC-3' (SE- 
QUENCE NO. 4, "TC"), which have a single non-complementary base to the sequence of the DNA probe. How sen- 
sitively and selectively the electrode according to the present invention can detect a single base mismatch was meas- 
ured from the cyclic voltammograms of the samples. As a control group, a cyclic voltammmogram for the non-hybridized 
DNA probe was measured. The ratio of peak current of each of the samples to the control group, lp(ds)/lp(ss), was 

40 calculated based on the cyclic voltammograms. The results are shown in FIG. 10. 

[0044] As shown in FIG. 1 0, the ratio of lp(ds)/lp(ss) was 52% for the perfect match target DNA, 29.3% for the single 
base mismatch TG, and 24.3% for the single base mismatch TC. The ratio of lp(ds)/lp(ss) was much smaller for the 
single base mismatch target DNAs than for the perfect match target DNA. This result supports that an electrode coated 
with the electrically conductive polymer according to the present invention can accurately detect a single base mismatch 

45 target DNA as well as a perfect match target DNA which are hybridized to a probe DNA immobilized on the electrically 
conductive polymer. 

[0045] Monomers according to the present invention can be used to synthesize highly electrically conductive poly- 
mers. Electrically conductive polymers according to the present invention can be effectively used in a sensor for de- 
tecting the hybridization of a target molecule to a probe. A sensor having an electrode coated with an electrically 
so conductive polymer according to the present invention having a high redox potential according to the present invention 
can detect the hybridization of a target molecule to a probe, with high selectivity. A target molecule can be rapidly 
detected with high sensitivity using the method according to the present invention. 

[0046] While the present invention has been particularly shown and described with reference to exemplary embod- 
iments thereof, it will be understood by those of ordinary skill in the art that various changes in form and details may 
55 be made therein without departing from the spirit and scope of the present invention as defined by the following claims. 
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SEQUENCE LISTING 

<110> Samsung Electronics Co. Ltd. 

<120> Conductive polymer., sensor using the same and method for 
detecting a target molecule using the same 

<130> SI004142 

<150> KR10-2002-0012729 
<151> 2002-03-09 

<160> 4 

<170> Kopatentln 1.71 

<210> .1 

<211> 15 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> probe DNA 
<400> 1 

gttcttctca tcatc 15 

<210> 2 

<211> 15 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> target DNA which is completely complementary to the probe DNA(SEQ 
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ID No. 1) 



<400> 



2 



gatgatgaga agaac 



15 



<210> 3 

<211> 15 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> a target DNA which is complementary to the prove DNA (SEQ ID No. 
1) except 1 base 

<400> 3 

gatgatggga agaac 15 

<210> 4 

<211> 15 . 

<212> DNA 

<213> Artificial Sequence 



<220> 



<223> 



a target DNA which is completely complementary to the' prove DNA 
(SEQ ID. 1) except 1 base 



<400> 



4 



gatgatgcga agaac 
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Claims 

1 . An electrically conductive polymer having formula (I) below: 




(CH 2 ) m COR rCH 2 ) m COR 



(CH 2 ) m COR 



...(I) 



where m Is 1 , 2. or 3: R Is a hydroxysuccinimidyl group, a hydroxyphthalimidyl group, or a pentafluorophenolyl 
group; and n is zero or an integer. 

2. An electrically conductive. polymer having formula (II) below: 



where m is 1 ,2, or 3; R' is a hydroxysuccinimidyl group, a hydroxyphthalimidyl group, a pentafluorophenolyl group, 
or a probe group, wherein at least one R' is a probe group; and n is zero or an integer. 

3. The electrically conductive polymer of claim 2, wherein the probe group is a nucleic acid or a protein. 

4. The electrically conductive polymer of claim 3, wherein the probe group is selected from the group consisting of 
a DNA. a RNA, a PNA, an antibody, an antigen, an enzyme, a substrate, and a cofactor. 

5. N-hydroxyphthalimidyl 3-thiophenlyl acetate or 3-pentafluorophenolyl 3-thiophenyiyl acetate. 

6. An electrode coated with the electrically conductive polymer of claim 1 or 2. 

7. A sensor employing an electrode coated with the electrically conductive polymer of claim 1 or 2. 

8. A method for detecting a target molecule, comprising: 

(a) providing the electrically conductive polymer of claim 1 on a substrate through electrical polymerization; 

(b) immobilizing a probe to the surface of the electrically conductive polymer; 

(c) contacting a sample containing a target molecule, which is capable of specifically reacting with the probe, 
to hybridize with the probe; and 

(d) detecting the target molecule by measuring a voltage or current variation in the electrically conductive 
polymer. 

9. A method for detecting a target molecule, comprising: 




(CH 2 ) m COR' .(CH 2 ) ra COR' 



(CH 2 ) m COR' 



...(H) 
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(a) providing the electrically conductive polymer of claim 2 on a substrate through electrical polymerization; 

(b) contacting a sample containing a target molecule, which is capable of specifically reacting with the probe, 
to hybridize with the probe bonded to the electrically conductive polymer; and 

(c) detecting the target molecule by measuring a voltage or current variation in the electrically conductive 
5 polymer. 

10. The method of claim 8 or 9, wherein the conductive substrate is a gold electrode or a platinum electrode. 

11. The method of claim 8 or 9, wherein the probe is selected from the group consisting of a DNA, a RNA, a PNA, an 
10 antibody, an antigen, an enzyme, a substrate, and a cofactor. 

12. The method of claim 8 or 9, wherein the target molecule is a nucleic acid or a protein. 
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FIG. 1 
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FIG. 4 
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FIG. 6A 
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FIG, 6B 
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FIG. 8 
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FIG. 10 
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where m is 1 , 2, or 3; R is a hydroxysuccinimidyl group, a hydroxyphthalimidyl group, or a pentafluorophenolyl group; 
and n js zero or an integer. 
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